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ABSTRACT 



Research^ on which aspects of the instructional 
process are most appropriately placed under learner control is 
reviewed. The review covers representative experiments from. the 
1960 's in brief and experimentfs at the University of Texas from 1970 
to 1973 'in more detai-1. 'Although it appears that learner control can 
be' helpful in mainline computer-assisted instruction (CAI) , tii'e 
characteristics of its role have not yjet been well defined. The 
research in general has been inconclusivev and further research 
should focus on individual differences in learner control. Few 
^studies--£ound the expected conclusion that learner control improves 
student attitudes; however ^ one study found that learner^control 
students have lower scores on a state anxiety scale. Future research 
will hopefully determine the conditions unde^ which .learner control 
would reduce student anxiety. Since learner /conttol is not as simple 
an instructional treatment as was first imagined; well controlled 
laboratory tests^ rather than extensive instructional sequences seem 
appropriate for the study of conditions undef which learner control 
is appropriate- in CAI. (JK), 
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In conventional classroom instruction, the teacher may be viewed as 
an interface between the student and the information he is toJearn. Unfortu- 
nately, because of the many constraints on the classroom teacher, she is often 
considered to be a very poor interface. Nelson (1970) hirs symbolized the role ; 
, of the teacher as a. brick wall between the student and, the subject matter, pre- 
. venting the student from having more .£han very limfted access to the jsub;J6ct 
and only-minute control over, the means by "which tnfonnation js presented. 

The cojnputer is viewed by many educators as' a" powerful tool for indi- 
vidualizing instruction and thus all^eviating this problem.- However, the degree, 
tb which computer-baaed instruction can be 'adapted to individual students is 
limited by the program author's ability to determine the current, momentary state' 
of the'^'student's level of Icnowl edge, and interest> Jn my own .work as an ihstruc- ^ 
tional designer, I have. been frustrated^by my limited ability to predict "which ^ 
stimulus to present at any given ^iioment,. given the very tenuous data! available 
regarding the student's current learning state. A second, perh.aps more serious, 
limitation concerns motivation.. While a* s:kidenti maj^ be very interested in explor- 
ing a particular topic" in depth at some given moment, 'the sequence of instruction, 
derived fro[n generalized instructional design considerations, may dictate Jihat 
the topic not be covered' until much later in the program. The program author 
cannot anticipate a particular student's interest with ^ny degree of accuracy', 
nor is the student normally provided wi'th a means ofj requesting more information 
on a subsequent topic. By the time the topic is treated, in the norrt)al course 
of the program, the stucfent's interest may well have been extinguishe(i/ In addres 
ing thfs problem. Nelson (1970) claims that conventional computer-assisted • 
instruction (CAI) provides no improvement at all over the regular classroom 
situation. He symbolizes the completer as playing a role identical to that of " 
the classroom teacher: a brick wall between the student and the subject matter. 

As, a result. ofNsuch considerations, considerable interest in the pos- 
sibilities of learner-cpntVolled or student-controlled CAI has developed. Many 
instructional applications of computers exist 'in which the- student is In complete ■ 
control of the computer, or at least in. control of the information presented 
him. Instructional -simulations, Iproblem solving, ajid information retrieval sys- 
tems are examples^ Most of these situations-occur, however, in what may be termed 
adjunct as opposed to mainline CAI : situations in which the computer program 
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does not;bear the primary responsibility for instruction^ This paper's concern 
Will .be with learn^r-controMed CAI in situations in which the computer' provides 
the primary or the only source of instruction. As is the case for conventional' 
mainline CAI, the 'program author assumes that the student knows relatively littl6 
about th§ subject matter and there are specific objectives which the student . 
is expected to master. Learner control differs from conventional. CAI in thg^ 
the student is. given some degree of control over the means by which he i*^ to 
learn the subject matter. ^ ^ 

' The 'questign of interest concerns which aspects of the instructional . 
process are most appropriately placed under learner- control . The purpose of ^ 
this paper is to- review some of the research pertaining^octhis. question. A^^ 
number of earlier, representative -studies will be descrtbod briefly and then 
experiments conducted at The Univers.ity of Texas *at Austin will-be, discjjssed 
in greater detail . * * . * 

A Brief Kistory of Research on Learner Control 

Systematic research o?i learner-controlled instruction can be traced- to 
two 'non-computer based studies by Mager (1961) and Mager and McCann (1961). Mager 
(1961) explored the effect of allowing the learner complete control over the 
sequence^ of instruction in a course in electronics. .-His six suJbjjectaHTl^ no 
previous^ training in electronics. They selected t^e materials *to be studi^dt^j-s^^^ 
and alloc5led time to each $pecific activity. Instructors were always availa^ 
but they functioned only as informatiop^urces. - Mager found. that the students . 
de-^inec organizational patterns which were .qui te.^ di fferent , from those imposed 
;by previous instructors and which placed more emphasis on functional relationships 

The second study (Mager & McCann^ 1961) attempted empirically to determi 
the relative efficiency of"l earner-control led instructional sequencing as com- 
pared to instructof-defined sequencing. Six engineering trainees 'were given 
total control over the cuVrietjlum. They completed their training in. three months, 
only hal-^»the ti^e required for th^ instructor-controlled' program. In a second ^ 
phase of this study, six more engineering trainees were provided with a list 
of tl^e terminal objectives for the course. " When. given the objectives and the 
freedom to control their curriculum, these students required only 7-1/2 weeks 
tO\Complet6 their-^training. The authors concluded that the use of behavioral * 
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Objectives and .learner-'control greatly facilitdt^ed attainment^ of the teminal 
behavior. .These results should be interpreted ]C/ith some' caution, however. The 
authoi^s .note that prior to the Experiment; thertraining coq^se was apparently 
quite poor. Both the instructor and the stu3)sfnts were bored with the course. 
The students' proficiency was evaluated subjectively by the experimenter. Finally, 
the students, being new trainees, we>::e in a highly-motivating environment. . 
^ Given the dramatic results reported, however, j't is not surprising 

that learner control of sequence should b^ investigated in the context of CAI. 
^One of the fiYsfCAI 1 earner-control studies was conducted by Grubb (1969) in" 
a context quite similar td that of Mager and McCann. ' His subjects were fifty 
mature, well -motivated IBM employees. The subject matter consisted of two'topics" 
in| an "elementary statistics course: measures of central tendency and measures 
of^^d4spersion'.' Two versions of the course'were created: a learner-control^ver- 
sion which allowed the. student to control the sequence in which material was 
presented, and a lioear.. version with a single inflexible sequence. Subjects 
were randomly assigned to. five experimental conditions: linear presentation in 
both units, li'neaV presentation in the fii;;st unit and learner control in the 
second, learner control i,n the first and linear in the second, learner control 
in both units, and learner control in both units as well as control over the 
sequence of units. ' 

• - Analysis of posttest results indicated that groups with learner control"^ 
in both units scored significantly higher than did any of -the groups adm'inistered 
'>ne or, more linear sequences. T.he two learner-control groups did not-differ, 
between themselves. ■ ^ ■ , 

Dean (1969) contrasted learner control with a linfe^r sequence in a 
pompute'rized arithmetic practice module. Seventy- two different arithmetic prac- 
tice problems in addition, subtraction, and multiplication were- arranged in increas 
ing order of difficulty. The subjects were 120 fourth, ^"ifth, ^artd sixth grade 
students. "The group studying uhcjer linear'or program control was , presented a 
new problem \)^pe only after Ihey comp^leted five successful' 't^ials with the cur- 
rent-problem type^ The group studying under learner control determined the amount 
of practice for each problem type themselves. Averaging across' all three grades, 
the learner-control subjects -scored slightly higher on both-the posttest and" 
a retention test but the statistical significance o^ these differences," if any. 
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was not reported. Performance within individual grades was also investigated. 
A significant difference favoring learner controj (p < .01) was found between the 
retention test scores of the two groups of fourth graders. No. differences 

^ were found for the fifth or sixth grade classes. The sixth graders, however, 
required much less time to complete the program under learner control than under 
the linear condition and did so Without any reduction in posttest score. 

Dean postulated that motivation differences were responsible for the 

different results obtained at *the vaVious grade levels. It was hypothesized 
that the fourth grajie subjects were excited anct eager. at* the prospect of a new 
experience while ^^or the sixth grade subjects, such material was redundant and 
probably boring. *^ 

Newkirk (undated) used two versions of a computer program to teach 
the rudiments of t(^ structure and language of the hypothetical CLIP computer. 
Her subjects were 26 volunteer computer science students. Half of the subjects 
proceeded through the content on a fixed, linear path, i.e., the program d|d 
not adapt in any way to the subject's performance or allow him to make any choices 
in relation to what material v\fas presented. The other half of the subjects studied 
under learner control, i.e., they had complete freedom to' select their own path 
through the material within each block. The subject studied only those frames 
which he considered necessary to master the topic. The learner-control group" 
only'heW control within a block of instruction. The order of the blocks was 
fixed and the subject v?as required to pass a criterion question for each block. 
Upon completion of the progran\ each subject completed a pbsttfest and an attitude 
questionnaire. Two weeks later a retention test was administered. 

Analysis of \/ari6nce of the data from both the posttest and the retention 
test revealed no significant differences between the two groups with respect to 
posttest perfOi^Tidnce or responses to the attitude questionnaire. Paired t tests 
were also computed for each group to .determine if there was a decrement between 
the posttest scores and the retention scores. No differences were found for ' 
the learner-control students but retention test ;SCores*were significantly lower 
than posttest scores for students who studied under the linear program (p < .005). 
Thus, although there waf no difference,. in immediate recall, the learner-controlled 
strategies^'appeared to yield better retention. 
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Bfown, Hansen, Thomas, and King (1970) investigated a variety of control 
conditions of which two are of particular interest: subject selection of the 
instructional media or sensory input device, and selection of instructional infor- 
mation load. Fifty-five university-level students were administered instruction 
in "patterns of curriculum organization." Under the learner-control conditions, 
three devices v/ere available for presenting instructional materials: CRT 'terminals 
requiring light pen responses, typewriter termi^^als requiring, keyboard/responses , 
and a manually-operated audio tape player. The latter required written responses. 
After being familiarized with. all dev^aces, the learner-control subjects were 
allowed to select one device for their instruction. 

The instructional materials for all devices were programmed at thr^ee 
levels of information load: terse, medium, and redundant. Again, the learner- 
control subjects were familiarized with the nature of the three levels and allowed 
• to select the level wivich they preferred. Under the program-control condition, 
the instructional materials were presented on the CRT^terminal at the medium 
level of redun^dancy. 

Significant pre- to posttest improvement was observed for all groups 
but there were nonsignificant differences between the learner- and program- 
control groups. No particular combination of condit^ions was significantly better 
than any other combination. * The pattern of choices of information level which 
subjects made under learner control did indicate that they tended to select levels 
of information load which reduced the memory requirements for the particular 
instructional device which they were using. The authors suggested that the amount 
of information provided the student .to guide his decisions may well be a critical ^ 
variable^and one which should be investigated in more detail. 

Barnes (1970) used 214 students from grades eight to thirteen to study* 
the effect of learner control on student performance in multiplication. Two var- 
iable3 were investigated: problem type, and the nature of the remedial feedback. 
Five problem types were created, differing "in the number of digits in the multi- 
plier and multiplicand (the range was 1-4). One-half of the subjects were 
assigned to a program-control group which received problems randomly selected 
'''from the five available types. Subjects in the learner-control group determined 
the problem type they wished to study by specifying the number of digits. The 
feedback provided for correct responses was constant for all subjects and consisted 
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of a positive reinforcement such as "good" or "correct." The remedial feedback 
provided for incorrect responses was either ^ttive or passive. One-third of 
the subjects were assigned to active remediation which required the subject to. 
respond by correctly solving the problem under the tutorial direction of the 
program. A second thfrd of the subjects were as'signed^ to passive remediation 
which merely presented the correct solution. The remaining subjects were allowed 
to determine the^type of feedback they received on each problem. 

Gain scores were computed for all subjects. An analysis of variance 
of the data indicatecf that neither problem type, type of remedial feedbacks nor 
their interaction, resulted in significant ^lifferences in gain scores. Barnes 
postulated that lack of readiness was an important donfounding variable in this- 
study. Subjects must be capable of making decisions which affect their learning 
• if learner control is to be of value. -Again, the importance of motivational 
factor: was discussed. ' , , * , ' • 

Although not directly concerned with learner-controlled CAI, a series 
of experiments reported by Pask (1969) raises questions related to the potential 
effectiveness of student control over instruction. Pask has suggested that stu- 
dents are not aware of their own particular pattern of competencies and that 
when given a choice the student is not likely to select an instructional strategy 
which is consistent with his abilities. Pask studied a difficult; problem-solving 
situation in which subjects were presented with a sequence of four variable visual 
signals, and asked to solve "each problem by making an appropriately-coded, four- 
component response. 

Following a sequence of experiments in which problems were solved, in 
a free learning, situation, four distinct learning strategies were identified. 
Of^these four strategies, only two resulted in successful learning. Furthermore, 
these two'Sitrategies placed demands on very different abilities. It was found 
that subjects who were adept at one strategy were unlikely to be successful employ 
ing the other. Of the twenty-six subjects run in*the free learning situation, 
few were able to Team to solve the problems. Those who did learn required a 
mean of 575 trials. For the most part, subjects selected one of the two inappro- 
priate strategies- or, if they selected one of the two appropriate strategies, 
failed to select the strategy consistent with their abilities. Pask then developed 
a conversational instructional program which attempted to match the appropria'-e 
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ivPStructional strategy to the subject's abilities. 'Under these conditions subiects 
learned to solve the problems in approximately half the number of trials required* 
by those fev; subjects who did reach solution under the free learning conditions. 

Learner-Control Research at 
? The Univ&rsity of Texas at Austin CAI Laboratory 

Learnelr Control Over Sequence . - ^ . 

At'tThe University of Texas'at Austin, the investigation of learner ^ 
control began with a study of control over sequence of instruction (Olivier, 
1971). Thejearning task selected for^the experiment was an artificial science. . 



' This^task provided a means of employing 
.maintaining experimental control. The 



relatively meaningful materials while 
task was easy to learn, and the subjects 



had no previous experience with the ma:^erials. University students were assigned 
to six tre^tfnent conditions. For the piirposes of this pap'er-, only three of the 
groups, each containing 52 subjects, will be considered. These were (1) a forced 
group, who were directed through the materials in tf\e sequence dictated by a 
task analysis of the subject-matter; (2) ^ learner-control group, who determined 
their own, sequence thi^ough the material ; and (3) a yoked, group, the members of 
which were randomly paired with subjects in the learner-control group and given 
the sequence selected by those subjects. T 

Posttest performance was evaluated with respect to the degree to which 
subjects deviated from the presumably optimal sequence defined by tfie task analysis 
It had been hypothesized that posttest performance would be-reduced as the sub- 
ject's actual sequence deviated from the optimal sequence and that the performance 
of t*he learner-control subjects would exceed that of the subjects yoked to them. 
No obvious decrement in performance was found, however* as a subject 's^ path de- 
viated from the optimal sequence and the performance .level of the learner-contr'ol 
subjects was actually found to be inferior to that of the ypked subjects. It* 
was also hypothesized that learner control would result in more favorable responses 
on an interest questionnaire. Again^, this was. not 'found to be the case. It 
was concluded that since learner control o."" sequence failed to produce, any increase 
in either performsftr^e or stated interest, it had no obvious advantage over a 
predetermined sequence. ' ♦ 



The second and third learner-control studies conducted by the CAI 
Laboratory were done 'In the context of a program of instruction in precalcu'lus' 
mal^hematics designed, to inqlude a number of learner-control- options (Smith 
Gregory, 1970,). The program", entitled MATH-S, treats three topics in a 'sequence 
of 29. modules: 12 *in Exponents, 12 in Logarithms, and 5 in Dimensional Analysis. 
When a student begins the program, he is presented with a Table of Contents on 
the cathode ray tube (CRT) display -which allows him to make increasingly specific 
selections of course material. For instance., his first choice is between the 
areas of Exponents, Logarithms, and Dimensional Analysis. *If he selects Exponents, 
he can then choose between segments concerning the Definition of Exponents, the 
Definition of Scientific No.tation, and the Laws of Exponents. After making his 
selection, he is shown the list of ski-lls assumed to be prerequisite to that 
segment. 1-f. after seeing the prerequisites, the student does hot believe that 
he. is adequately prepared, he may select another segment or another area from 
the Table of Contents. If the student decides to continue and has selected the 
segment oji the Definition of Exponents," he t<hen indicates which of the following 
modules he wishes to study; Positive Integral Exponents, Zero Exponents, or 
Rational Number Exponents. ' ' * ' 

On beginning a specific module. Positive Integral Exponents, for example, 
the student is given a five-item diagnostic pretest over the concepts in the 
module. After comple.ting Jhe test*, he i? given his score. If the student answers 
all test items correctly, he is told that he has demonstrated proficiency in that 
area. If he did not answer all of the items correctly, the student iSv^dvised 
that his score indicates a weakness in the area. Whether or not he studies the 
instructional material, however, is the student's decision. 

Within Instructional modules, the rules, concepts and corresponding 
examples are presented on the CRT and supplemented by displays on the image pro- 
jector. Following each expository -segment, the student is given a number of 
practice problems, where each problem contains one or more questions pertaining . 
to a particular numeric expression. The numeric values in the expressions are 
selected or generated and a student can repeat each 'problem a number of times 
with different values and, hence, different solutions. 

In the first of the two .experiments conducted in the corite>^t of this 
program' (Judd , Bunderson, & Bessent, 1970), alternate versions of the control 



'routines were written to $ystematicaVly eliminate the various learner-control 
options, to allow experimental cqmpa>isons Only one of these comparisons, that 
of learner versus program controi ovei^sec(uence and selection o'^ material* will 
be discussed here-since the ^ther options wene treated more systenfatically in 
a subsequent experiment, , to be reported next . Lnder program controls the Table 
of Contents was eliminated and the subject's sequence through the material was 
fixed in what was considered to be the optimal order, >^ 

Subjects given learner control over the sequence and selection of instruQ- 
tion made'§ignificantly (p < -02) lower posttest scores than did program-controT 
subjects in one of the three areas--Logarithms . Only trivial differences were ^ • 
found in the other two areas. It W|s, noted that the learner-control subjecis 
spent only one-half as much time working in the- Logarithms area as did th^ 

•program-control subjects (116 as opposed to 217 minutes). In contrast, learner- 
control* subjects spent more time on the other two areas than did the program- 
control subjects. Logarithms was the most difficult area o-fi study in the program 
and the area with which the students w6re the lejist familiar. The speculafive 

^conclusion was that subjects given control over the sequence and selection of 
material used that option .to avoid the difficult matet ial rather than to pyrsue it. 

The results of examining the other variables considered in this ekperi- v 
ment' (learner control over the amount of practice within modules and over the 
decision of whether or not to study a particular topic, given a score on the 
diagnostic pretest) did not lead to any definite conclusions. Al'iowing lelrner 
control over the sequence of instruction made it impossible to .:>aintain the de- 
sired degree of experimental control over the subject 'S\actions with respect 
to these variables. Therefore, a modified replication of the experiment' was 
run the following year using the same instructional program. 

Learner Control vs. Response Sensitive Branching 

r In this second experiment (Judd, Bunderson, & Collier, in fireparation) 

the order of presentation v/as fixed ,in the^sumed optimal .order for^all treatments. 
Program and learner control were compared with respect to two specific instruc- * 
tional decisions, both concerning a subject's ability to evaluate his own per^- ^ 
formance, The two methods were evaluated in terms of student decisions and per- 
formance during the 'course of the program, posttest scores and responses on an 
attitude scale- ' , . ^« , 
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The 5irst learner-control option investigated concerned the action 
taken following a dia.^nostic test with regard to whether or not tlje\tudent stud- 
ied the corresponding instructional module. Students with learner ciptrol on, 
this- variable were given their scor&^on the tesf and advised as tp whether they 
had or had .not met. the objective.of that module. The' student was then free to 
enter or skip the module, as he wished. Students under program control on this' 
variable were routed into the module if they demonslra-ted less than perfect per- 
formance o^.the test. Otherwise, they were routed to the next test. On the 
assumption that subjects would be more tolerant of their own. errors on the diag- 
nostic test than would the program-control "decision functi'on, it was hypothesized 
that subjects given control over the numberiof modules studied would, select fewer 
modules than would be^ssigned to the program-control subjects. No specific 
hypotheses were formed concerning posttest scores or responses to the attitude 
scale. ^ . , , V. 

TJie second option investigated concerned the number of times students 
repeated'each prifctice problem (with -different numeric values) within the instruc- 
tional mddules. For-students with learner control on this variable, each practice 
problem was repeated until the student indicated that he was ready to pV-oceed 
to the next problem. Subjects under program cootrol were required to make two 

) errorless passes through a problem', answering all questions in the problem cor- 
rectly. Ifc was hypothesized that subjects would consider themselves te^ have ' 
mastered a problem prior to having completed two errorTess solutions and that, 
therefore, subjects given learner control over the amount of practice would make 
fewer; responses to each problem than would the prograniTControl subjects. Again, 

'no specific hyi&otheses were formed regarding posttest scores or responses to 
the attitude scale. . . 

It was assumed that, in general, subjects would view program control 
35 being more aversive than learner control. If this vlas the case, then sutlects 
who were given the choice would be expected to avoid program-controlled instruc^^ 
tion. Therefore, it was hypothesized that, given learner control over the selec- 
tion of instructional modules, subjects who were given learner control within 
modules would select more modules for study thair would~subjects under program 
control within modules. ' % 




Final'ly, it was anticipated that subjects-might^need ta learri to use 
the learner -control options appropriately and that, if so, di fferences in the 
students' use of the control- options would b6' expected between the earlier and 
later parts of 'the program. / . 

— Subjects were drawn jfrom introductory physics classes bn^the basis 
of pretest scores indicat4ng-defjciencies -in the. topics covered by the instruc- 
, tion. The Logarithms area. was deleted from the progVam a'tTfie request* of the , 
course instructors. "The complete experiment consisted of a two by two design: 
learner and program control in the diagnostic tests,\'and learner and program 
control within the instructional modules. Due~to the facf^at many of the sub- 
ject^ who completed the instruction on -Exponents did not complete Dimensional " ' 
Analysis, the two topics wej^^treated separately statistically. Complete data 
were^vailable for97 subjects complefing Exponents and 72 completing Exponents 
and Dimensional Analysis. 

All subjects wef'e administered a 43-item, multiple-choice pretest during 
a regular class-period. Two parallel f.orms of the test- were available and sub- 
jects were randomly assigned to Form A or B. /t the ttme^of the posttest, each 
subject was administered the alternative of his pretest form. Those scoring 
les^ than 85% on the pretest were strongly advised to take the program. Pretest 
scores were also used as a covariable in the data analysis. Subjects were ran- 
domly assigned to one -of -the four experimental treatments when they came to the 
laboratory for their first study session. When a subject completed his last 
work session, he filled out an attitude questionnaire. _Group posttests were 
scheduled ju.st^prior to thg eird of the semester. 

The dependent variable selected to evaluate within-program performance 
for the diagnostic t&st option was the number of modules which each student stud- 
ied.' The two groups did not differ in number of modules studied in the Exponents 
topic. As a supplemental analysis the number of diagnostic tests failed by 
the two groups was contrasted. Learner-control subjects failed slightly more 
tests than did program-control students (3.96 as opposed to 3.45) but the dif- 
ference was not significant. In Dimensional Analysis, following more experience 
with the control options, learner-control subjects elected to study significantly 
fewer modules than were assigned program-control subjects (1.57 as .opposed to 2.89, 
p^ < .0001). This was despite the fact that learner-control subjects continued 



12 

3 

to fail at least as many diagnostic tests as did the program-control subjects 
(3»45 aod 2.92, respectively, p > .10). Considering the analyses from both sec- 
tijDns of the, program, one sees that the learner-control subjects s^elected fewer 
failed modules for study. Although slight at first, this tendency increasell 
with experience with the program. 

Posttest scores were insensitive to the diagnostic test variable. 
There was no main effect in, either Exponents (21.79 for learner control and 22.29 
for program control) or Dimensional Analysis (9713 and .8.95). 

Only one of the 13 items on the attitude- scale even tended to differ- 
. entiate between diagnos_tic test learner- and program-control subjects. This 
item noted that different subjects had been given different^ degrees 'of control 
over the program and asked if the subject would rather have had more or less 
• control. A chi-square test for- the 84 students who completed the questionnaire 
indicated slightly more le^arner-control than program-control students wanted 
more control over the* program (p < .10). 

The dependent variable selected to Evaluate wi thin-program performance 
in the practice option was the^tudent's mea^ number of responses per question. 
^Learner-control subjects were found to have a somewha^ higher number of responses 
per question (9.07) tjian program-control subjects (5.78) in Exponents. This 
difference approached significance (p <'.10). The trend was much .more pronounced ■ 
in Dimensional Analysis with learner-control subjects having a mean of 10.75 
responses per question as contrasted with a mean of 5.31 for the program-control - 
subjects ^p^ = .0001). Again, posttest scores were fnsensiLive to these perfor- 
mance differences: 21.19 for learne^; control and 22.88 for program contrpl in 
Exponents; 9.03 and 9.06 in Dimensional Analysis. 

Only one item oh the attitude scale differentiated between instructional 
learner- and program-control subjects. This item pointed out that the computer 
could "understand" the subject's answers only if they were entered in the correct 
form, and asked if 'he found the program to be too restrictive. A chi-square test 
indicated that more learner-control than program-control students found the pro- 
gram to be too restrictive (p < .02). , 

It had been hypothesized that due to the relative aversiveness of program 
contr^led instruction, given learner control in diagnostic tests, subjects who 
also^had learner control in instruction would select more modules for study than 
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would subjects who had program control in instruction • Analysis of the data 
from these two groups- found_ small differences in the anticipated direction in 
both Exponents (4. 04 for learner control and 3^08 for program control) and 
Dimensional Analysis (1.79 and 1.53) but in neither case wer^ the differences* 
significant. It must be concluded that the assumed averslveness of program- 
controlled instruction did' not result in program-control students selecting fewer 
modules for study than their learner-control counterparts. / 

In the context of this particular program, learner control would appear 
to 'be a mixed blessing. After • some* experience with the program, subjects' deci- 
sions were apparently m9re efficient than decisions made by the branching algorithm 
with respect to whether or not to^ study instructional modules. Learner-control 
subjects studied fewer modules in Dimensional Analysis than were assigne-J to 
program-control subjects but had posttesf scores which were just as high. Con- 
trary to expectation, the prospect of being under program control ir an instruc- 
tional sequence did not deter subjects from selecting as many modules for study 
as were selected by subjects-^wi th learner control in instruction. With respect 
to decisions regarding the amount of practice in instructional modules, however, 
students/we^^e less efficient than the corresponding algorifehJii. Learner-control 
subjects expended significantly more effort in practice than did program-coatrol 
subjects but posttest scores did not. differ between groups. None of the presumed 

affective advantages of learner control were supported by subject responses to 

* , ^ . 

the attitude scale, 

^ / 

A consistent problem with this type of learner-control research concerns 
the limitations on attempting to generalize to other instructional programs. - 
Wh^ile learneY control may prove to be more efficient- than a particular branching 
algorithm, the differente may be due to the use of a poor algorithm /rather than 
to any real advantages for learner control. A related problem concerns whether 
or not the variable over which the subject is given control is ,of any real instruc- 
tional consequence. Finally, experience with the three studies described above 
indicated that research in the context of extensive instructional sequences raises 
serious problems of experimental control. The last experiment to be described 
represents an attempt to resolve these methodological problems. 
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Investigation of Learner Control in a Laboratory Task 

The dependent variab.le of major interest in this experiment (Collier, 
Poynor, O'NeilJ & Judd,^973) concerned the affective advantages of learner control 
' rather than-^erformance differences. Specifically, state anxiety was measured 
by means of the five-item form of the 'state anxiety scale of the State-Trait 
Anxiety Inventory (Spielterger, Gorsuch, & Lushene, 1970). 

The learning task consisted bf a series .of three multi -category .con- 
junctive concept learning problems of increasing difficulty. " In each probl-em, 
the- subject was shown a series of stimuli on the CRT. iji which each stimulus con- 
sis.ted of four abstract symbols. He wa's told that each stimulus belonged to 
either- class "A" or class "B'-' and that he was to determine the rule by which 
stimuli were assigned to classes. He responded "to, each stimulus by .typing Either 
"A" or "B" and was immediately told the correct classification-. A subj'ect was. 
'assumed-to have learned the. rule once he completed a long series of errorless 
trials— ten trials for each of the firs't two problems and sixteen trials for 
the third problem. .Oji the basis of previous experience with, such tasks, it was 
hypothesized that- a subject's performance would be improved by providing .him 
with memory support. In this instance, meniory support consisted of displaying • 
the two /)revious stimuli and their correct classifications while the current 
stimulus was present on the CRT. . " • . 

Fifty-eight subjects drawn from an undergraduate education course -were >, 
randomly assigned to one of three groups: an experimental group and two control 
groups. Subjects m the experimental group (LC-MS) were giyen learner control 
over .memory support. That is the two previous stimuli and their corr^ef classi- 
fications were displayed if the subject rpouested them. Two control groups were 
employed in order to demonstrate that memory support was a critical variable 
and to isolate the influence of learner control £er se.' The first control group 
(NMS) had ho access to memory support, while memory support was always presented 
for the second (MS) control group. \ ^ ' . , 

Prior to being seated at the terminal^ all subjects were administered 
the MA 3, a paper and pencil test of associative' memory (French, Ekstrom, & Price, 
1963). After being shown how to operate the terminal, but pVior to^ the presenta- 
tion of the first problem, subjects were administered an on-line version of the. 
five-item state anxiety scale. The same scale was also administered following 



• , IS 

the Completion of each problem. Performance was measured in terms of trials 
to criterion on each of the three problems. 

I ^ It was hypothesized that if memory support was critical to the learning 

ta^ the performance of the. MS subjects would exceed that of the NMS subjects. 
It was also anticipated that the performance of the LC-MS subjects would at least 
approach that of the MS group. If this was found to be the case, it was further 
hypothes-^^zed that, if learner control did indeed have affective advantages jOver 
program cofitrol , then the experimental group (LC-MS) would demonstrate lower 
state anxiet;y than would either of the two control groups • ^ 

NO differences were found between the scores of the three groups oti 
the memory^ability testy the means being 20.6, 18.2, and* 20.9 for the NMS, MS, 
and LC~MS subjects, respectively. Siniilarly, no differences were found between 
groups with respect to^ their scorfes orfthe first, pre-experim'ental anxiety test, . 
the* mean scores being 9.4, 11.0, ^*nd 10.2. The number of trials required to 
reach criterion for each of the^three groups is shown *tjft Table 1. /The perform- 
ance* data were analyzed by mgans.of linear regression (Bottenberg & Ward, 1963) 

* 

in which memory ability was used as a co-variabla. - ' , . 

a . ' ' 

^ • TABLE 1 

* 

MEAN TRIALS TO CRITERION REQUIRED UNDER THE 

THREE EXPERIMENTAL CONDITIONS • ' # 



' CoYicept Learning Problem Numbe r' 





1 




3 


^0^ Memory Support (NMS). 


30.2 


30.6 


77.8 


Memory Support (MS) 


18.5 


14.2 


' 51.4, ~ 


Learner-Controlled 
Memory Support (LC-MS) 


19.1 


11.0 


41.1 



\^ ^Significant differences in performance were found between groups on 

a\l three problems (p = .003, .002, and .013 for problems 1, 2, and 3, respec- 
tively). It is obvious from the data that memory suppbrt did facilitate perform- 
ance.'^ Subjects in the MS group required substantially fewer trials to reach 
criterion than did the NMS group on each problem. It may be concluded, therefore i 




that the experimental group did h^ve control over a relevant instructional variabl 
. In addition, learner-control subjects learned the concepts in as few or fewer 
trials than .were reqiPired by the MS group. Differences among these three groups 
were not' significant. ' ' 

The mean anxiety scores, across the three^ problems werfr 10.6 for, the 
• NMS subjects, 10.4 for "the"" MS. subjects^ and 8-.3 for the LC-MS subjects.-' These 
♦scores were found to be significantly different by analysis of variance (p = '.046) 

As had been hypothesized, whil6 mempry support frad a pronounced' facil\- 
tating effect on performance, it did not, by itself, reduce-the subjects' anxiety 
concerning the task. Giving subjects control over that same memory support- did 
reduce their anxiety. ' . ' . > 

This expep'menl yielded anottjer result of some interest". Therfe has 
been a question as to whether 'students require extensive practice to learnto 
use learner control effectively. 'Data from this experiment .suggests that this. "• 
is not always the case. .When a Uarner-control subject'requested memory support,' 
^ there was a one- or two-second delay before the- previous stimuli were displayed.. 
Thus, it cost the subig£t some time to ask for memory support. In examining 
the data, of the experimental, LC-MS group, it was noted that subjects f>equested 
memory support much less often once they began'the series of "errorless tria"!^- 
which defined problem solution. Examining the data froni the. third problem more 
closely, it was found that prior to a subject's tria^ of last error*, the prob- 
ability of requesting memory support was .61. .FolloWjing the trial of Oast error, 
when subjects thought that they had learned the' ru'le,\the probability of memory ' 
support requests dropped to (.13. ^ It would appear that' subjects quickly learned > 
to discriminate between the conditions under which it was appropriate or inappro- 
' priate to requestv^mojf^ support. - • ' 

Conclusions X 

* * \ 

It would appear that learner control can have a definite facilitating - 
role in mainline CAI but the characteristics of that role have not yet been well 
defined. The" research, in general, has been quite inconclusive. In(^'ividual 
differences in student response to learner control may be a critical factor. 
Specific training in the use of the control functions may well be- required in ^ 
many instances, although some students appear able to use learner control 



effectively witK only a minimum of.Jnstruction* Further research should be ' 
directed toward individual differences in response to learner control and. to 
tlie effects'of instruction in the use of thd^centrol 'options., 

I Many of the authors cited have Indicated that learner cojitrol was 
expected to'resuU'in more -positive student Inotivation and atrifudes. This 
would appear to be a logical expectation, and the greate^^i^advantage *of leafner 
T^ntrol may wal\ be motivational. Few studies reported, however, 'have found 
attitudinal differences.^favoring learner coAjtrpV, • Jhe last experiment reported 
(Cojlier, et -al . , 1973) is an elcception in that learner-control subjects were 
found 'to have lower scores^ on 'a state inxiety stale. It Is qo^Jewofthy that this, 
is the first reported use of *a state anxiety, measure as opposed tp the usual 
use .of an attitude scale\ An obvious next stef) for research concerns the determi- 
nation of the conditions, under which learner control would be expected tt rpduce 
studen>»^nxiety, A related question^concerns wljether reduced anxiety could eictuaTly 
be expected to. improve performance under these conditions. 

Finally, -it should be realized that learner control is not- as simple ' 
an instructional treatment as was fiYst imagined, A considerable amount of addi- 
tional research will be.reqilired to determine "the conditions under" which' learner 
contrQl.is appropr^iate in CAI, and we rl -control led laboratory tasks would appear 
to be a^-jnor-e appropriate context for investigation than extensive instructional 
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